Introduction
Acute myeloid leukemia (AML) is a disease induced by the oncogenic transformation of myeloid progenitors, which leads to bone marrow failure and related complications including severe infections, anemia, and bleeding. From both a clinical and genetic point of view, AML is very heterogeneous. 1, 2 The clinical presentation may vary from moderate and well-tolerated cytopenias to highly proliferative states with extramedullary involvement that are sometimes complicated by severe coagulopathy, leukostasis, or metabolic disturbances requiring immediate therapeutic intervention. Moreover, the increasing knowledge of AML biology has led to the establishment of the 2008 World Health Organization classification, which is a mix between morphologic features and recurrent cytogenetic or molecular abnormalities. 3 An international expert panel from the European LeukemiaNet (ELN) has also recently proposed new guidelines for the management and stratification of therapies based on the strongest prognostic factors identified to date such as cytogenetic or molecular defects. 4 Many groups now stratify the indication of allogeneic stem cell transplantation according to genetic subgroups: patients with AML1-ETO or CBFb-MYH11 rearrangement and patients with favorable genotype (ie, NPM1 or CEBPA mutation without FLT3-ITD mutation) are no longer referred to allogeneic stem cell transplantation at first complete response. 5 Therapies targeting some specific molecular defects are being developed, such as small molecule inhibitors of the FLT3 kinase in patients harboring the FLT3-ITD mutation and all-trans retinoic acid in patients with the NPM1 mutation. 6, 7 Some study groups have recently designed clinical trials in which patients are stratified at diagnosis according to chromosomal abnormalities but also to specific gene mutations. 8, 9 Thus, there is a common trend to characterize better AML subtypes as soon as the diagnosis is made to stratify tailored therapies earlier in the treatment course. This is also exemplified by the subgroup of patients with the monosomal karyotype, who have a dismal outcome with standard treatment, including transplantation, that new approaches are specifically needed for them.
The morphologic diagnosis of AML can be easily made in a few hours, but the results of cytogenetic analyses are not available for >1 week. This period could be even longer for some molecular analyses, although the most frequent markers such as NPM1 and FLT3-ITD mutations could be obtained in a few days. Thus, there is a dilemma between the potential benefit of genetically targeted therapy early at diagnosis and the risk of delaying the initiation of chemotherapy. This fear has recently been addressed by two North American centers in a retrospective study showing that the time from diagnosis to treatment (TDT) independently predicted survival in younger but not older patients. 12 In that study, response rate and overall survival were worsened after a treatment delay of 5 days. On the basis of these results, it is commonly understood that treatment of younger AML patients should be started with minimal delay. 4 Because of the limited capacity for the admission of patients in our unit and hypothesizing that many of them probably have had a TDT .5 days, our objectives were to assess the effect of TDT on overall survival, early death, and complete response in a retrospective cohort of 599 patients with AML treated with intensive chemotherapy between 2000 and 2009.
Methods

Study population and treatment
The leukemia unit of the University Hospital in Toulouse is the only certified center for the treatment of acute leukemias in the Midi-Pyrénées region (3 million inhabitants). Patients are referred by personal physicians or primary care centers and are first seen by leukemia specialists either as outpatients for rapid diagnosis and workup or directly as inpatients if urgent medical interventions are needed. Data are recorded each week according to guidelines from the Oncomip network (http://www.oncomip. org). Between Jan 1, 2000, and Dec 31, 2009, all consecutive patients with a new diagnosis of AML (excepting acute promyelocytic leukemia) were registered (N 5 1117) to have a representative sample of a homogeneous management period. Among them, 474 were deemed unfit for intensive chemotherapy and were excluded from the study. We excluded patients with a TDT .90 days (n 5 18) and patients with incomplete biological data (n 5 26), leading to a sample of 599 patients. Before doing any analysis, we assessed the power of the study. To show a significant hazard ratio (HR) for overall survival of 1.4 or 1.5 for subjects with a TDT > 5 days vs subjects with a TDT , 5 days (whose median survival time is considered to be equal to 48 weeks), 12 for a 2-sided a log-rank test 5 0.05, and for an allocation ratio of 1:1, 1:1.5, and 1:2 (proportion of subjects with TDT ,5 days and TDT >5 days), 599 patients had a power > 0.80. Informed consent was obtained from all patients in accordance with the Declaration of Helsinki. This study was approved by the institutional review board (Ethical Committee of Research, no. 20-0511). Patients were treated by intensive induction chemotherapy as part of, or according to, Bordeaux Grenoble Marseille Toulouse (BGMT), Groupe Ouest Est des Leucémies Aiguës et autres Maladies du Sang (GOELAMS), Groupe Francophone des Myélodysplasies (GFM), or French Core Binding Factor (CBF) Intergroup protocols. 9, [13] [14] [15] Gemtuzumab ozogamycin (n 5 18), imatinib (n 5 5), lenalidomide (n 5 3), and cloretazine (n 5 2) were occasionally added. Responding patients with an HLA-identical sibling (except patients with core binding factor AML) were allocated to allogeneic stem cell transplantation (alloSCT). Patients with no HLA-identical sibling received a consolidation regimen based on high-dose cytarabine (10-24 g/ m 2 ) and then autologous stem cell transplantation or three courses of highdose cytarabine. Since 2008, patients with a favorable genotype were no longer allocated to alloSCT. After achieving a complete response, patients .60 years of age received maintenance therapy with idarubicin and lowdose cytarabine. The cytogenetic and molecular risk classifications were in accordance with the Medical Research Council and ELN classifications, respectively. 4, 16 performance status, 18 secondary AML, extramedullary involvement including splenomegaly, hepatomegaly, lymphadenopathies, leukemic gingival or cutaneous infiltration, leukostasis, infection, white blood cell [WBC], platelet counts, fibrinogen level) were collected in medical files by S.B, A.S., and C.R.
Statistical analysis
Statistical analysis was performed on STATA statistical software, release 11.2 (STATA Corp., College Station, TX). We described patients' characteristics using number and frequency for qualitative data and median, interquartile range (IQR), and range for quantitative data. We then compared TDT according to baseline characteristics using the Mann-Whitney U or Kruskall-Wallis test. TDT was defined as the number of days between diagnosis in the Toulouse University Hospital and chemotherapy initiation (n 5 491) or the number of days between first bone marrow aspirate and chemotherapy initiation if the first bone marrow aspirate leading to diagnosis had been made outside of the Toulouse University Hospital (n 5 108). The primary end point of the study was overall survival. For each participant, the length of follow-up corresponds to the period between the date of diagnosis and May 31, 2011 or the date of death if the patient died during the study period. The response to treatment was usually evaluated after full hematologic recovery (eg, when neutrophils and platelet counts were .1 and .100 G/L to document complete responses) or at day 35 in case of prolonged aplasia and was defined according to the international consensus criteria as complete response (CR) or complete response with incomplete blood count recovery (CRi). 19 Early death was defined as death from any cause occurring between the start of chemotherapy and the response assessment. Differences in survival functions were tested using the log-rank test; differences in response rate and early death were compared between groups using the x 2 test (or Fisher's exact test in case of small expected numbers). Multivariate analysis of response rate and early death was conducted using logistic regression and using a Cox model for overall survival. Because the linearity hypothesis was not fully respected, the following continuous variables were transformed into ordered data: age (<60 and .60 years) and WBC (<50 and .50 G/L). To avoid loss of information and a reduction in power, which will be introduced by the categorization of TDT, and to deal with the supposed nonlinearity in the relationship between outcomes and TDT, we explored the relationship between TDT and outcomes using the restricted cubic spline (RCS) method. [20] [21] [22] [23] RCS is a polynomial function that is piecewise defined into prespecified adjacent intervals as recommended by Harrell. 22 The proportional-hazard assumption was tested for each covariate of the Cox model by the "log-log" plot method curves [(2ln{2ln(survival)}] for each category of nominal covariate vs [ln (analysis time)]. None of the assumptions could be rejected. Multivariate analyses initially included TDT together with potential confounding factors. Then we used a stepwise regression to assess variables that were significantly and independently associated with end points (P , .05). The time period effect was tested in all analyses. Interactions between TDT and the independent covariates (in particular interactions with age, WBC, or type of consolidation treatment) were tested in final logistic and survival models. We also conducted a sensitivity analysis for TDT defined as the number of days between diagnosis in Toulouse University Hospital and chemotherapy initiation using the same methodology. All reported P values were 2-sided, and the significance threshold was ,.05.
Results
Patients
The characteristics of the 599 patients and the comparison of TDT according to these characteristics are presented in Table 1 . The median age at diagnosis was 58 years old (range, 16-83 years; IQR, 45-68), 60% of the patients were <60 years of age (younger patients), and 54% were male. The percentage of patients with secondary AML In the 378 patients who received chemotherapy .5 days after diagnosis, the main causes leading to a delayed treatment were diagnosis out of Toulouse University Hospital (25%), waiting for cytogenetics (11%), diagnosis out of the leukemia unit (12%), infection (7%), or other less common reasons ( Table 2 ). The cause of delay could not be identified in 50% of cases.
TDT and overall survival
The median follow-up of the cohort was 71 months. Between Jan 1, 2000 and May 31, 2011, 397 deaths (66%) were recorded: 206 (58%) and 191 (79%) in younger and older patients, respectively. The median overall survival was 17.9 months (26.1 and 12.1 months in younger and older patients, respectively). Variables associated with overall survival (OS) in univariate analysis are shown in Table 3 . As shown in Figure 2A , the nonadjusted risk of death according to TDT is U-shaped, with a nadir to day 6. Subjects with a TDT ,3 days and 16 to 31 days had a risk of death significantly higher than subjects with a TDT equal to 6 days. However, after adjustment for age, secondary AML, WBC, ECOG performance status, ELN risk groups, and type of consolidation treatment, TDT was no longer associated with OS (P 5 .4095; Figure 2B) Interactions between TDT and the independent covariates were not significant. TDT did not have an impact on OS regardless of age (younger vs older). The effect of TDT on OS in younger and older patients is shown in supplemental Figures 1 and 2 (on the Blood website). After removing cytogenetics, ELN classification, and type of consolidation from the model to solely assess clinical factors known early at diagnosis (ie, age, secondary AML, WBC, and ECOG performance status), TDT did not affect OS (P 5 .6069). To illustrate better the lack of impact of TDT on OS according to the cutoff of 5 days proposed by Sekeres et al, 12 Kaplan-Meier curves are shown in Figure 3 (the cutoff of 5 days implies a loss of information in the description of the relationship between TDT and OS, which is better shown in Figure 2 ).
TDT, early deaths, and response to therapy
Among the 397 deaths recorded during the follow-up, there were 58 early deaths. Variables associated with early death in univariate analysis are shown in Table 3 . TDT was not significantly associated with early death, both in nonadjusted analysis (P 5 .4134) and after adjustment for age (.60 vs <60 years), ECOG performance status, secondary AML, ELN classification, and WBC (.50 vs <50 G/L; P 5 .1544; Figure 4 ). Interactions (A) RCS method shows the nonadjusted HR of death for each value of TDT compared with day 6. For example, the nonadjusted HR of death for a TDT of 1 day is equal to 1.38 (95% CI: 1.03-1.86) compared with day 6 according to the RCS method. The locations of the 4 knots used in the RCS method are 1, 5, 12, and 42 days (corresponding, respectively, to the 5th, 35th, 65th, and 95th percentile of the TDT). 22 (B) RCS method shows the adjusted* estimated hazard ratio of death for each value of TDT compared with day 6. *Adjusted for age (HR 5 between TDT and the independent covariates were not significant. TDT did not have an impact on early death regardless of age (younger vs older). The effect of TDT on early death in younger and older patients is shown in supplemental Figure 3 . CR or CRi was obtained in 432 patients (72%). Variables associated with response rate in univariate analysis are shown in Table 3 . Interaction between TDT and age and interaction between TDT and WBC were significant, and analyses were stratified from age (.60 vs <60 years) and WBC (.50 vs <50 G/L). After adjustment for ECOG performance status, secondary AML, and ELN classification, TDT was not significantly associated with response rate (P 5 .5840 for younger patients with WBC < 50 G/L; P 5 .7127 for older patients with WBC < 50 G/L; P 5 .8993 for younger patients with WBC . 50 G/L; P 5 .9518 for older patients with WBC . 50 G/L; Figure 5 ). The sensitivity analysis considering TDT as the number of days between diagnosis in Toulouse University Hospital and chemotherapy initiation did not change the results.
Discussion
In this study, we did not find any harmful signs concerning the effect of time from diagnosis to treatment on overall survival, early death, and response rate in younger and older patients with newly diagnosed AML treated by intensive chemotherapy. The prognostic impact of TDT, if any, was offset by other more powerful prognostic factors such as age, secondary AML, and cytogenetic and molecular abnormalities. Our results contrast with those of Sekeres et al, 12 who found that delaying intensive chemotherapy .5 days after diagnosis could be detrimental for younger AML patients. In our study, we found much less secondary AML (20% vs 45%) in both younger and older patients, even though the repartition of cytogenetic groups was comparable. The other main difference resides in the chemotherapy regimen. For induction therapy, we invariably used daunorubicin (180 mg/m 2 ) or idarubicin (40 mg/m 2 ) in combination with standarddose cytarabine. In contrast, induction chemotherapies were variable in the study of Sekeres et al, 12 with several modalities of cytarabine administration, other compounds than anthracyclines (such as topotecan, cyclophosphamide, or clofarabine) used in combination with cytarabine, and no description of the dose of daunorubicin, which is crucial for complete response and overall survival. 24, 25 Last, we have no information on the modalities of consolidation therapies and the proportion of patients receiving allogeneic stem cell transplantation.
The current assertion that AML is an oncologic emergency is generally accepted. However, true early emergencies such as coagulopathy, leukostasis with respiratory distress syndrome, or tumor lysis syndrome requiring specific therapy in the hours after diagnosis are not as frequent. In our study, this may have included ,10% of patients. The level of hyperleukocytosis is a recognized factor of early death. However, not all patients with a high WBC display the so-called leukostasis syndrome, which is the most serious complication correlated to early death. The incidence of pulmonary or central nervous system leukostasis is ;30% in patients with WBC .100 G/L. 26 Further, most patients with a high WBC respond well to oral hydroxyurea before starting induction chemotherapy. 27 Thus, we decided not to exclude those patients with a WBC . 50 G/L as was the case in the study of Sekeres et al. 12 In our study, about one-quarter of patients with hyperleukocytosis received hydroxyurea for a median time of 5 days. Although the TDT was shorter in those patients, some of them had a delayed TDT without an apparent worse outcome. Whether hydroxyurea could offer a short delay between diagnosis and initiation of chemotherapy remains to be fully studied.
It was difficult to analyze exhaustively the factors that contributed to delayed chemotherapy. First of all, we must emphasize that the decision to postpone the initiation of intensive chemotherapy was made by leukemia specialists in agreement with personal physicians, primary care centers, and patients. We acknowledge that if patients were just made to wait for several days without careful analysis of their clinical presentations, the outcome could have been different. Since 2006, we have been waiting for the results of cytogenetics before enrolling patients in prospective trials designed for CBF, intermediate and high-risk AML. Thus, our cytogenetic laboratory has to report results within 5 days. This could partly explain the difference in median TDT between the 2 periods. The time period effect was tested in all analyses and was not significant. Several other points in the organization of care need to be taken into account when assessing the TDT. Chemotherapy is usually performed in tertiary care facilities most often located in big cities. Although this has not yet been studied in AML, it implies unavoidable geographical inequalities toward access to care for patients residing far from tertiary centers. We were able to determine that the median TDT for the 108 patients from the Midi-Pyrénées region who had a diagnosis before coming to our center was 16 days. The outcome of these patients did not differ from those diagnosed in the university hospital (not shown). The organization of care also requires the placement of a central catheter or sperm conservation for fertility sparing before chemotherapy exposure. Furthermore, as prognosis is recognized to be poorer in elderly patients, both patients and physicians may also request time for decisionmaking before choosing intensive chemotherapy. 28 Finally, early complications, such as severe infections, could also delay chemotherapy initiation. Overall, a causal factor could not be identified in half of the cases, and in fact, the main reason for delay in chemotherapy initiation was the chronic overload of the leukemia unit.
It is unlikely that a randomized trial addressing the effect of TDT would be undertaken. Therefore, studies from other centers relating their own experience are needed. Because personalized therapies based on genetic features of AML are going to be developed, it is fundamental to have a clear vision of the impact of TDT on the outcome of AML patients. Although AML remains an oncologic emergency, our study suggests that, except for specific conditions, it does not seem unreasonable to wait for specialized laboratory tests to characterize better the leukemias and design new therapeutic strategies. Conflict-of-interest disclosure: The authors declare no competing financial interests.
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